Abstract-In this work, we present an empirical study of the characteristics of the radio channel at 60 GHz for an indoor environment. The measurement campaign is conducted in a conference room scenario and the propagation properties are evaluated and analysed. The wideband channel sounding equipment is utilized in the channel evaluation. First, the static measurement results are presented for various transmitter positions in the conference room. Moreover, we present the measurement results of the channel impulse response for the case when there are several people randomly moving in the room. It is well known, that human blockage can severely attenuate the signal and, hence, the strongest reflected paths can be used for communication. The analysis of the path loss is presented for the dynamically changing environment.
I. INTRODUCTION
Since the first wireless systems appeared about 100 years ago, the data rates have dramatically increased. The rapid increase of mobile data transfer and appearance of new devices such as smartphones and tablets create increasing demands for the system designers. Deployment of wireless networks operating at millimeter-wave (mm-wave) frequencies is one of the promising solutions to support multi-Gbit/s communications. The unlicensed frequency range in the 60 GHz frequency band provides a growing interest from academia and industry for the allocation of the immense data rate communication systems in indoor environments [1] , [2] . One application example that require high data rate transmission in indoor environment is uncompressed high-quality video streaming. These communication systems are expected to provide more than 1 Gbit/s data rate at the distances up to 10 m. However, to optimize the allocation of the receiver and transmitter positions, radio wave propagation modeling is required. Traditionally, propagation models are based on labor-intensive measurements.
Radio channel measurements and modeling calibrated by the measured channel properties is essential for the effective planning of the wireless local area networks (WLAN). Currently, there is an extensive amount of the research works related to the studies of the channel properties at millimeter-wave frequencies [3] , [4] , and especially at 60 GHz [5] , [6] , [7] , [8] , [9] . For example, in [10] an overview of the characterization 60 GHz radio channels for different environments is presented.
However, conference room configuration with the transceivers located around the table was not studied. It is also necessary to study a human blockage effect on the radio communication performance. This influence can be crucial for the mm-wave radio links. There are studies of the human blockage models [11] and some measurement campaigns were conducted [12] , [13] . In [12] , the authors study propagation specifics in a residential area. In [13] and [14] , the authors present measuremen results of the possible signal attenuation by the human body. In this work, we try to examine the effect of the several people moving in a conference room on the radio channel properties. A conference room is one of the typical scenarios for high data rate network deployment. In a real case, there can be a walking person who can disturb the mm-wave link. By the obtained measurement results, we show that several of the strongest reflected paths can be used to maintain the link connection. In order to achieve this beam steering/beam switching antennas or antenna arrays can be used (e.g. [15] ). The results retrieved from this work can be utilized for the future ray tracing simulations of the dynamically changing environment.
The paper is organized as follows: Section II briefly describes the channel sounding equipment and the measurement scenario. In Section III static measurements are analysed in order to provide a baseline of channel characteristics in an empty office. Section IV includes the results and analysis of the measurement results for the case when several people are randomly walking in the room. Finally, Section V provides the conclusions.
II. SETUP DESCRIPTION
The measurement system includes a vector network analyzer (VNA), a signal generator, up-and down-converters and omnidirectional antennas on the transmitter (Tx) and receiver (Rx) sides. The detailed description of the measurement equipment can be found in [5] . The main difference between the setup in [5] and this work is that bi-conical omnidirectional antennas were used at both the Rx and Tx sides in the measurements presented. Two types of measurements are realized: 1) static measurements and 2) dynamic measurements with people moving in the room. During both measurements the Rx position was fixed on the tripod in the corner of the conference 
A. Static Channel Measurements
The power delay profile (PDP) was measured for 17 different positions of the Tx placed on the table (Fig. 1 ). For each Tx location 100 samples were recorded for averaging to improve the measurement dynamic range. Measurements were performed at 61 to 65 GHz frequency band with 4 GHz bandwidth. These measurements give the amplitudes and delays of the most significant propagation paths with good delay resolution and large dynamic range. The results can be, e.g., utilized as a calibration data for the ray tracing simulations and also as a reference for the dynamic measurements, when people are moving in the room.
B. Dynamic Channel Measurements
In addition to the static measurements, described in the previous section, the dynamic measurements were performed for the 3 Tx positions, i.e. Tx13, Tx16, and Tx17 (Fig.  2) . During these measurements, three people were randomly walking in the room, while approximately 250 samples of the PDP characteristic were recorded over a few minutes. The aim of this measurement set is estimation of the dynamic human blockage effect on the radio link and verification of the reflections which can support stable communication.
III. STATIC MEASUREMENT RESULTS (EMPTY OFFICE)
The measurement results for an empty conference room are presented in this section. First, we are going to analyze PDP characteristics for some of the Tx positions. In Fig. 3 , an example of the PDP characteristic with tracked peaks is presented for the Tx position N o 13. For this position, the LOS path length is 2.2 m. Some peaks are highlighted with the markers and the dependence of the peak amplitude versus travelled distance for the Tx positions N o 9-14 is presented in Fig. 5 . It can be observed that there is only a small deviation of each peak value with the increasing LOS link distance.
In Table I , the path loss (PL) model parameters, delay spread (DS), and K-factor mean and standard deviation values are presented for the 17 Tx positions. These parameters are calculated with a dynamic range of 20 dB from the peak. Kfactor is calculated as the power ratio of the direct LOS path and the total power in all the other paths. Normally K-factor is modeled with a simple log-normal distribution. If the K-factor is modeled with a similar link distance dependent model as PL it would be
The K-factor has strong link distance dependence and it is about 20 dB at very short distances and goes down to about 0 dB for the longest measured links distances. This has the effect that the communication link more severely affect when the LOS path is blocked with the shorter link distance, as we see in Section IV.
IV. DYNAMIC MEASUREMENT RESULTS (RANDOMLY WALKING PEOPLE)
At 60 GHz the blockage attenuation of the signal is relatively high and the presence of the human body between the Rx (Fig. 6 ) the dynamic measurements of the CIR were performed. During these measurements 3 people were randomly walking around the conference room while roughly 250 measurement samples were recorded over a few minutes. It is obvious that there is no human blockage of the direct LOS signal for the Tx position loss almost stays at the level of 70 dB during the whole measurement. It is noticeable, that the path between the Rx and Tx located at the postion N o 16 was disturbed more often by the people walking around the room due to the explicit location. The link Rx-Tx17 is not affected as much as previously described location N o 16. It can be noticed, that the LOS signal is decreased more than 25 dB when the human blocks the radio link. This value corresponds to the results obtained in [13] and [14] . Fig. 8 presents the PDP characteristic for the Tx position N o 13, while the Fig. 9 shows the comparison of LOS signal level and the strongest found paths. The distance separation of the Rx and Tx is 3 m for this position. If a randomly walking person crosses the direct LOS path the power level is reduced significantly. Nevertheless, there is a reflected signal which can compensate the power loss and can be used for the communication. The drop in the received amplitude can be greatly reduced if the strongest path can be chosen in a dynamic channel with people moving. It can be seen that the power level decreases by about 12 dB if the strongest reflected multipath component and about 30 dB if only the LOS path is used. However, sometimes both the direct LOS path and the reflections from the wall are blocked. For the most of the cases the first reflection with the delay of 11 ns compensates the human blockage of the LOS path. Only for one of the cases, i.e., for the sample 90, the second reflection appeared to be stronger than LOS and 1st reflected path.
In Fig. 10 , the PDP for the Tx position 17 is presented. Fig. 11 displays the LOS signal and the strongest detected reflected signal. For this Tx location, there are several strong reflections almost of the same level due to the similar distances from the Tx to the walls where the reflections take place. The distance between the Rx and Tx is 5.5 m. The rst reection is 12 dB, the second 5 dB, and the third one is 7 dB weaker than the LOS path. In comparison with the Tx position 16, in this case the reflected paths are used more often because the LOS and distances via reflections are almost equal. The usage of the strongest reflected path can help to maintain the communication and minimize the losses.
V. CONCLUSION
In this paper, the static measurement results for a conference room scenario are presented. The analysis of the received results is provided. In addition, the measurements were performed for the realistic case when there are several people are walking in the room. The results show which reflected signal can be used in the communication. This can be an important information for the planning the mm-wave base station locations inside the room and give an estimation of the necessary antenna configurations. 
